This study aimed to evaluate the performance and economic viability of including the aerial parts of cassava (PAM) in the feed of semi-confined lambs for partial reduction of food concentrates. Fifty-six sheep, including males and females of the Pantaneira genetic group weighing 18.84 ± 2.02 kg on an average were used. The experiment was conducted in a factorial randomized complete block design with four treatments, each with seven females and seven males. Each group of 14 animals received one of four treatments: control, 10% of food concentrate in diet replaced with PAM, 20% replaced with PAM, and 30% replaced with PAM. The average total gain in weight (GWT) of the male lambs was 26.89% higher than the gains observed in females. Based on the cost analysis, we observed a linear effect (P < 0.01), i.e., a decrease in the feed cost for male and female groups with increase in PAM content. For the study period, the expenditure for the control male group was the highest at $ 17.60 per animal. Expenditure for the PAM 30 male group was the lowest at $ 12.74 per animal. These figures reflect the actual operating costs (COE), i.e., the power is 75.78% and 74.77%, for male and female groups respectively. The total cost, decreased linearly (P < 0.05) with PAM 30 treatment costing the least at $ 47.90, which was $ 7.02 lower than the control. When assessing the net margin per kilogram among the female groups, we observed a quadratic effect (P < 0.01) with a maximum gain of 23.98% when adding PAM and $ 0.50 kg -1 . Our results show that the raising of lambs in semi-confinement was economically viable, and the addition of the aerial part of processed cassava in the feed presented a higher economic return. Further, the addition of aerial parts of cassava did not affect the performance of the lambs. 
Introduction
In Brazil, the number of sheep recorded in 2014 was 17.61 million heads. The Mato Grosso do Sul State has approximately 502,678 heads, an increase by 20.44% in the last 10 years (IBGE, 2015) . There has been a recovery in the demand for lamb in both the domestic and foreign markets, which has ensured good profitability. However, to ensure growth, the production sector needs to be better organized to adequately meet the demand (SORIO, 2011) .
In this context, reducing the costs related to ruminant production has aroused interest especially in studies exploring alternative food sources to replace traditional concentrated feed, thus, providing greater competitiveness and sustainability to the sector (HOLZER et al., 1997) .
A strategic and interesting alternative for sheep raised in the Cerrado weather conditions would be the use of the aerial parts of cassava (PAM), in view of its potential to generate income for farmers in the Midwest region where 87,997 hectare has been planted with cassava (IBGE, 2015) . PAM can be supplied either raw or as hay or silage, making it possible to use it as an alternative to be included in feed formulation for ruminants (MODESTO et al., 2004; FERNANDES et al., 2011; SOUZA et al., 2012) .
Different cassava cultivars used for forage production showed average yields of 12.1 t ha -1 of green matter (CARVALHO et al., 1985) . Forage derived from cassava are high in protein content, which varies throughout the year from 20 to 38.4% (MODESTO et al., 2004) , and low in fiber content, when compared to other fodder crops such as Brachiaria (CARVALHO et al., 1983; MODESTO et al., 2004; MELO et al., 2008) .
In addition, cassava is cyanogenic and has toxic compounds that vary in concentration in the different cultivars (BUTOLO, 2002; OTSUBO, 2004) . Hydrocyanic acid (HCN) is extremely toxic to any animal when ingested, and concentrations greater than 2.4 mg g -1 HCN kg -1 live weight can cause acute poisoning leading to death (SOARES, 1989) . Phengvichith and Ledin (2007) reported that fresh cassava leaves contains 325 mg kg -1 HCN. After 1 h of drying in the shade, the HCN level decreased to 145 mg kg -1 . Sun drying can eliminate almost 90% of the initial HCN content (RAVINDRAN et al., 1987; RAVINDRAN, 1993; WANAPAT et al., 1997) . Animals that continuously consume cassava show increased serum levels of the enzyme rhodanase, which is responsible for the detoxification of cyanide, conferring tolerance to HCN levels that would otherwise be toxic (TOKARNIA et al., 2000) .
Improvement of animal nutrition quality associated with low production cost and resultant increased production efficiency is necessary for sustaining human life in in rural areas. The present study aimed at evaluating the performance and economic viability of including PAM in the diet of semi-confined lambs for partial reduction of concentrated feed.
Materials and Methods
The experiment was conducted at the Sheep Technology Center (CTO) at the Farm School Três Barras, Manoel de Barros Foundation located in the city of Campo Grande, Mato Grosso do Sul (29° 33′ 51.96′′ S and 54° 32′ 29.09′′ W). This research was approved by the Anhanguera Educacional Ltda Committee of Ethics for the Use of Animals (CEUA/EASA), Permit No. 2062.
We used 56 sheep (28 males and 28 females) of the Pantaneiro genetic group, that were, on an average, 75 days old at the beginning of the study. The average weight was 18.84 ± 2.02 kg. The study was conducted between January and March 2015, for a total of 65 days. The animals were kept in a 2.6 ha pasture where Panicum maximum Massai was cultivated. The pasture was divided into four paddocks of equal area, and the animals were supplied with water ad libitum and feed twice a day (08h30 and 16h00). To avoid any possible effects because of differences in availability and nutritional value of grazing between the paddocks, we ensured that each treatment group was not always grazed in the same paddock, but were rotated among paddocks every seven days. Before each rotation, the animals were weighed.
All animals were weighed at the beginning of the study, identified, and treated against worms homogenizing the groups. During the experimental period, the animals were weighed fasted solid food during 8 hours every seven (7) days. A randomized block design was used for the factorial experiment with four treatments, each with 7 females and 7 males. The diets used in this study were control (CT), which was a concentrated feed based on corn and soybean meal with minerals; treatment replacing 10% of the concentrated feed with PAM (PAM 10); treatment replacing 20% of the concentrated feed with PAM (PAM 20); and treatment replacing 30% of the concentrated feed with PAM (PAM 30).
PAM, made up of leaves, stems, and branches, was minced and homogenized in a stationary chopper, left for 12 h in the shade, and later provided as feed. To prevent risk of cyanide poisoning, the experiment was carried out after the animals were allowed to adapt for 7 days. The cassava variety IAC 576 was used, which was planted on 3 and May 18, 2014. For the purpose of this experiment, we used 1 m spacing between rows, and 0.40, 0.60, and 0.80 m spacing between plants in a row, giving a total of 25,000; 16,700; and 12,500 plants ha -1 , respectively. The experimental plot consisted of six rows of plants, each 20 m long, covering a plot area of 120 m 2 . Each of the spacing between the plants was represented by four replications, totaling twelve such plots. As per the recommended fertilization for cassava crop (RAIJ et al., 1997) , nitrogen, phosphorus, and potassium (NPK 8:20:20) fertilizer was used with nitrogen (ammonium sulfate) topdressing at 60 days after seedling emergence. PAM was harvested at 185 days after emergence (DAE), cutting it to 20 cm from the ground.
PAM, concentrated feed, and weekly samples of pasture collected were analyzed for chemical composition and digestibility. After harvesting, the biomass was made into composite samples by date, type, and experimental group. Each sample was packed in a paper bag, labeled, and dried in an oven by forced air circulation at 55 °C for 72 h. These were subsequently ground in a mill and sieved using a 1-mm-diameter sieve. The samples were then sent to the Applied Biotechnology Laboratory of Animal Nutrition at the Dom Bosco Catholic University (UCDB) for analysis. The dry matter (DM), organic matter (OM), and crude protein (CP) contents were determined according to the methods described by Silva and Queiroz (2006) and neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents were determined according to the methods described by Van Soest (1965) . For determination of the digestibility in vitro (DIV), we adopted the technique described by Tilley and Terry (1963) and adapted it for the artificial rumen developed by ANKOM® as described by Holden (1999) , by using the methodology of ruminal fermenter (anaerobic incubator, MA443 model, Marconi).
After harvesting PAM samples were packed with ice in an insulated box and sent to the Cross Pond Farm Laboratory of UCDB, Campo Grande, Mato Grosso do Sul, where each fraction was separated and identified. The residual HCN were determined using the alkaline picrate method (BRITO et al., 2013) , and the result was expressed in mg equivalent of HCN g -1 dry matter.
The diet of the control group was formulated to meet the nutritional requirements of lambs such that they gain an average daily weight of 0.20 kg (NRC, 2007) . The control diet comprised 60% concentrate and 40% roughage pasture. The nutritional value of the feed was estimated at 18% CP and 70% total digestible nutrients (TDN), as shown in Table 1 . The shoot of the cassava (PAM); Panicum maximum 'Massai' (Massai). The centesimal composition of concentrated feed was 1.35% Calcium, 0.5% Phosphorus, 0.5% Magnesium, 0.05% Sulfur, 0.1065% Sodium, 0.7% Cobalt, 0.3% Selenium, 0.081% Iodine, 0.4% Zinc, 1.8% Manganese, 5.46% Copper, 3% Ether extract, 2.4% Mineral matters, and 7% Bacillus subtilis 1.3500 × 10 E8 UFC kg, Bifidobacterium bifidum 4.5000 × 10 E7 UFC kg, Enterococcus faecium 4.5000 × 10 E7 UFC kg, Lactobacillus acidophilus 4.5000 × 10 E7 UFC kg
, Lactobacillus buchneri 9.0000 × 10 E7 UFC kg; Lactobacillus casei 4.5000 × 10 E7 UFC kg, Saccharomyces cerevisiae 3.0000 × 10 E7 UFC kg Commercial concentrate for sheep, Adames Animal nutrition.
The following performance and productivity indices were calculated: total consumption (CT) and daily consumption (CD) with PAM supplement and concentrate, average daily weight gain (GWD), average total weight gain (GWT), and feed conversion index (ICA). For comparison, historical data of animal performance for average age at weaning (in days), birth weight (in kg), and average weight at weaning (in kg) were used (Table 2) . To calculate production costs we used the effective operating cost (COE), total operating cost (TOC), and total cost (TC), following Hoffmann et al. (1987) . The above cost classifications allowed the identification of income and profitability indicators, which were the basis for the analysis of production systems, according to the methodology defined by Martin et al. (1998) . Production system analysis was done using the total revenue (RT), which included all cash inflows from the sale of cassava root in different production systems. We determined the point of breaking-even by using the equation Q = CT/P, where Q is the live weight (in kg) produced against the total amount invested during the experimental period, CT is the total cost, and P is the market price of the product ($ kg -1 ). The cost of PAM was determined from Table 3 . Costs were determined based on the cost of planting cassava and the methodology and considerations used in the experiment. Un.: Units; Quant.: Quantity. Total cost of PAM ($ ha -1 ) divided by the estimated total green biomass production per hectare of PAM (29.8 ton).
The data were subjected to analysis of variance (ANOVA, P < 0.05), linear regression, and Pearson correlation, following Levine (2000) , by using the SAS statistical software version 9.1 (2004).
Results and Discussion
Performance of the animals was not correlated (P > 0.05) with the treatments. However when comparing genders, our analysis showed significant difference (P < 0.05) for final weight (FW), GWT, and GWD. The average FWs of the control group, PAM 10, PAM 20, and PAM 30 for males were 31. 47, 29.94, 29.24 , and 28.1 kg, respectively, which were higher than the average weights of the respective female groups: 26.75, 25.41, 26.72, and 27.38 kg (Table 4 ).
The average GWT in male lambs was 26.89% higher than that in females. It may be noted that the PAM 10 treatment resulted in a higher average GWT (11.64 kg) in males, while in females it resulted in a lower average GWT (6.86 kg).
The average GWD in this study was higher than that in other studies on lambs between 60 and 100 g day -1 (OLIVEIRA et al., 2013; MANERA et al., 2014) . The larger weight gain by males is expected as their physiology promotes higher growth rate (WYLIE et al., 1997) . Total weight gain averaged across all animals in a group (GWT); Average daily weight gain (GWD) in grams; P-effect (P < 0.05).
Total consumption of PAM showed a positive linear effect (P < 0.01), with maximum consumption of 13.26 kg by females and 13.18 kg by males in the PAM 30 treatment. The dry matter intake of PAM was almost the same: 58 g per animal in the PAM 30 treatment. As the percentage of PAM addition increased in the diet, the consumption of concentrated feed decreased linearly. Thus, the highest consumption of concentrated feed was observed for animals in the control group, with 643 g per animal, and the lowest was for the PAM 30 group at 407 g per animal (Table 5 ).
The consumption of total dry matter is of fundamental importance, since the ration provided influences the performance of lambs (ARAÚJO et al., 2014) . Thus, the observed linear effect for total consumption of dry matter with the addition of PAM resulted in low food consumption, as the supply of feed was 649 and 609 g per animal in the male PAM 20 and PAM 30 treatment groups. This was similar to the total consumption values for dry matter reported by Souza et al. (2010) . However, we noted that the female group showed a negative quadratic effect, having minimum point with the addition of 26.23% of PAM, and the total dry matter intake was 613 g per animal.
In males, a quadratic relationship (P < 0.01) was noted between PAM levels in the feed and CP intake, which decreased with the addition of PAM, with a minimum CP intake of 159.8 g per animal in diet with the addition of 26.41% PAM (Table  5 ). The decrease in dry matter consumption, and consequently the CP intake, was because of the moisture content of PAM compared to concentrated feed, corroborating the results of other studies that evaluated the use of PAM in feed (URBANO et al., 2015) . NDF in the diet did not change with the addition of PAM, although there were differences in the total dry matter consumption, which was evaluated separately (Table 5 ).
The similar productive performance among male lambs is related to the linear decrease in the average consumption of ADF, which allowed adequate fermentation to potentially digest the ADF with the addition of PAM in the ration, favoring increased supply of nitrogen release for microbial protein synthesis ( VAN SOEST, 1994; DETMANN et al., 2014) . Further, supplementation with grains increases productivity levels when good quality roughage is provided in the diet (SOARES et al., 2013) .
For males, the best ICA, i.e., the treatment for which feed was most efficiently converted to weight gain, was noted for the PAM 10 treatment at 6.74% compared to 7.86%, 10.98%, and 18.99% for the control, PAM 20, and PAM 30 treatments, respectively. For females, the best ICA was noted for the PAM 20 treatment at 8.46% and the lowest ICA was for the PAM 10 treatment at 10.33% (Table  5 ).
Cyanide consumption increased significantly (P < 0.01) with increase in PAM level in the diet (Table 5) . Although a higher level of cyanide was consumed with the addition of 30% PAM (0.188 mg kg -1 body weight), this was below the toxic levels described by Soares (1989) .
In the course of the experiment, it was observed that the lambs showed a preferential consumption behavior for PAM. This can be attributed to palatability, the animal's sensory perception of food, which includes odor, texture, and sensation when chewing (HILL, 2007; CARCIOFI, 2008) , and to the nutritional quality of roughage, which determines performance.
Because Sheep, are selective in their feed (FIALHO; VIEIRA, 2011), the palatability of PAM can be defined by the integrated responses of taste and internal signals of the central nervous system because of previous food associations (FORBES, 1998) . According to Goularte et al. (2011) , the concentrated feed pellets or powdered reduce rumination, while the forage tends to increase rumination time per gram of food. Thus, PAM increased the effectiveness of masticatory activity of sheep, resulting in increased buffering capacity (OWENS and GOETSCH, 1988 ; VAN SOEST, 1994) , which in turn contributed to improved rumination Our analyses revealed that the FW is positively correlated with the initial weight (SW), total diet consumption (CTD), average dry matter intake (DMI), total crude protein consumption (CCP), total neutral detergent fiber consumption (CNDF), and total acid detergent fiber consumption (CADF). However, the DMI was negatively correlated with cyanide levels (Table 6 ).
The negative correlation between DMI and cyanide can be explained by the lower intake of dry matter in the treatments with increased PAM intake.
The positive correlations between the factors are associated with performance and rate of consumption, the lambs that initiated the heavier experiment had higher body weight (Table 6 ). According to Vaz et al. (2011) , performance (weight and production level) of ruminants is governed by the consumption of food, especially, qualitative factors such as fiber content and energy.
We observed a significant linear relationship (P<0.01) where increase of PAM in the diet decreased the production cost for both males and females (Table 7) . The control treatment showed the highest expenditure, with $ 17.60 per animal for males, and the PAM 30 treatment showed the lowest expenditure at $ 12.74 per animal. The effective operating cost in relation to gender was 75.78% for males and 74.77% for females.
On assessing the total cost of the semiconfinement, we noted that, for males, it decreased linearly (P<0.05), with the addition of PAM in the feed and was the lowest at $ 47.90 for the PAM 30 treatment. The total cost reduced by $ 7.02 when compared to the control group (Table 8) . Table 6 . The Pearson correlation between factors used to assess performance. This includes weight at the beginning of the study (SW), final average weight in kg (FW), total consumption of diet (CTD), total dry matter intake (DMI), total consumption of crude protein (CCP), total consumption of neutral detergent fiber (CNDF), and total consumption of acid detergent fiber (CADF). Considering that the different diet treatments resulted in an even performance, we did not record a relationship between the total revenue and the level of PAM in the diet. However, between the sexes there was considerable difference. Male groups recorded a mean gross revenue gain of $ 5.84 higher than that by the female groups (Table 8 ). This is attributed to the greater FW of the animals, which translates to higher gross income, confirming the observations of Paim et al. (2011) .
Among the female groups, the economic return per animal was observed to increase linearly (P<0.05) with increasing substitution of PAM in the food. These results are associated with different performances of the animals and price of the supplied feed (CARVALHO et al., 2015) . The treatment without addition of PAM had the lowest amount of 0.31 per animal and replacing 30% of PAM in the diet had the highest economic return ($ 4.14 per animal). This value was lower than that for the male control group ($ 6.45 per animal), PAM 10 ($ 8.46 per animal), PAM 20 ($ 7.49 per animal), and PAM 30 ($ 6.91 per animal). For the production costs and revenue to break even for male sheep, a decreasing linear equation revealed that when PAM is added to the food, a less outlay is needed. However, lower weights were observed for the PAM 30 treatment (24.91 kg). This result corresponds to the 2.48 kg body weight gain that translates to a cost of production of $ 4.82 more for the control than for the PAM 30 treatment.
Further, even with the lowest supply of crude protein day -1 (Table 5) , the PAM-treated male groups did not show lower profitability than the control group, which was provided higher dry matter during the study period (Table 5 ). However among the group of females were observed positive quadratic equations to profitability and profitability, with maximum point at 10.09 and 11.68% respectively, obtained in the PAM 20 group (Table 8) . Similarly, there was a positive quadratic effect for net cost margin per kg for female groups (Table  8) , where we recorded a gain of $0.50 kg -1 with a maximum of 23.98% PAM substitution. When comparing the sexes, the male group averaged a net cost margin gain of $0.61 kg -1 and the female group averaged $0.26 kg -1 . These results suggest that the best economic efficiency is achieved with the addition of PAM in the feed of lambs raised in semi-confinement.
One of the major factors in the production of lambs in a semi-confinement system is defining appropriate supplementation goals. Consequently, supplementation strategies should enable satisfactory weight gain, as well as evaluate the influence of feed costs (concentrated feed) on the profitability of the adopted production system (MACEDO, 2000; MATEUS et al., 2011; PAIM et al., 2011) . In this study, we evaluated an unorthodox replacement (roughage for feed) with the aim of reducing production costs and showed a profitable production system, revealing that such substitution may be advantageous when a nutritionally balanced diet is ensured.
